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Abstract 


Two  lots  of  EX99  gun  propellants  from  the  Naval  Surface  Warfare  Center  (NSWC) 
were  tested  in  uniaxial  compression  to  an  end  strain  of  ~60%.  The  materials  were 
preconditioned  at  test  temperatures  of  21 °,  50°,  and  -20  °C  while  at  ambient  pressure. 
The  stress  at  failure,  strain  at  failure,  compressive  modulus,  failure  modulus, 
incremental  energy  density  (IED),  and  the  fracture  assessment  values  (FAV)  were 
recorded  for  each  test.  These  materials  were  also  evaluated  for  microstructure  using  a 
scanning  electron  microscope  (SEM). 
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1.  Introduction 


The  U.S.  Army  Research  Laboratory  (ARL)  conducted  the  material  test  systems 
(MTS)  servo-hydraulic  tester  (SHT)  high-rate  mechanical  response  of  two  lots  of 
Naval  Surface  Warfare  Center  (NSWC)-manufactured  high-energy  gun 
propellants.  The  materials  were  designated  EX99  by  the  NSWC  and  given  lot 
numbers  of  IH94000EEX99-0088  and  IH23099DEX99-FB01.  The  lots  were 
candidate  propellants  for  the  Abrams  M829E3  120-mm  tank  gun  round 
(Figure  1).  (Test  sets  01-06/Fiscal  01.) 


Figure  1.  Ml  Abrams  tank  with  120-mm  gun. 


2.  Background 


ARL  received  two  lots  of  NSWC-manufactured  gun  propellants  and  testing 
instructions  from  Mr.  Richard  Muscato  of  the  NSWC.  The  gun  propellants  were 
manufactured  as  7-perforated  granular  propellants  with  diameters  of  ~10.0  mm 
for  lot  0088  and  ~11.7  mm  for  lot  FB01.  The  perforations  for  both  lots  measured 
~0.38  mm.  Several  grains  from  the  lots  of  the  experimental  gun  propellants  were 
shipped  to  Dr.  Robert  Lieb  of  ARL.  Also,  a  lot  of  similar  material  recently  tested 
(September  2000)  is  included  in  the  Appendix  as  well  as  the  mechanical 
properties  (Table  A-l),  stress  vs.  strain  plot  (Figure  A-l),  and  photo  (Figure  A-2) 
of  the  tested  material  which  may  be  used  for  comparative  purposes  as  the  test 


1 


conditions  were  similar.  The  lots  of  subject  material  were  last  tested  for  high-rate 
compressive  mechanical  response  evaluation  in  October  2000. 


3.  Approach  and  Results 


The  propellants  EX-99  lot  numbers  FB01  and  0088  were  received  in  granular 
form  with  7-perforations.  The  materials  were  prepared  into  test  specimens  using 
an  Isomet  double-bladed  diamond  saw  and  the  sample  ends  were  cut  flat  and 
square.  The  prepared  test  specimens  (Figure  2)  had  an  average  length  to 
diameter  (L/D)  of  1.04. 


Figure  2.  Prepared  test  specimens. 


MTS  SHT  mechanical  properties  tests  [1-7]  were  conducted  on  several  specimens 
under  each  test  condition  (Figure  3).  Strain  rates  of  122.6_s  were  achieved.  The 
specimens  were  taken  to  failure  at  ambient  pressure  to  -60%  end  strain  while 
conditioned  at  21°,  50°,  and  -20  °C.  The  stress  at  failure,  strain  at  failure, 
modulus,  failure  modulus,  incremental  energy  density,  and  fracture  assessment 
value  were  recorded  for  each  test.  The  average  values  achieved  from  the  tests 
are  listed  in  Table  1. 


4.  Conclusions 


Two  lots  of  NSWC-manufactured  EX99  7-perforated  gun  propellants  were  tested 
in  uniaxial  compression  at  an  average  1.31  m/s  deformation  rate.  The  materials 
were  taken  to  -60%  end  strain  while  conditioned  at  21°,  50°,  and  -20  C.  A  lot  of 
similar  material  tested  using  like  conditions  is  included  in  the  Appendix  (Table 
A-l,  Figures  A-l  and  A-2).  This  information  may  be  used  for  comparative 
purposes  as  similar  test  conditions  are  used. 
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Figure  3.  Energetic  material  prepared  for  testing  on  the  MTS  load  frame. 


Table  1.  Mechanical  properties  of  EX99  gun  propellants  at  21°,  50°,  and  -20  °C. 


Lot 

Stress  at 
Failure 
(MPa) 

Strain  at 
Failure 
(%) 

Modulus 

(GPa) 

Failure 

Modulus3 

(GPa) 

IEDb 

(MPa) 

FAVC 

at  21  °C 

IH94X990088 

98.1 

4.40 

8A 

LotIH23X99FB01 

7.20 

0.590 

HIIIIS 

8.30 

8A 

at -20 °C 

IH94X990088 

128.0 

5.40 

2.54 

-2.85 

7.13 

9A 

LotIH23X99FB01 

108.1 

5.25 

2.30 

-1.90 

5.56 

9A 

at  50  °C 

IH94X990088 

59.19 

5.10 

1.19 

-0.120 

11.9 

7A 

LotIH23X99FB01 

67.33 

8.40 

0.700 

-0.230 

11.8 

7 A 

aThe  failure  modulus  (slope  of  the  curve  after  failure)  has  been  added.  Generally,  the  lower  the 
value,  the  worse  the  material  (i.e.,  negative  value  indicates  the  material  is  unable  to  sustain  load). 
A  positive  value  indicates  a  positive  failure  slope  (i.e.,  the  material  is  better  able  to  support  load 
after  failure). 

bThe  IED  (incremental  energy  density)  value  reported  is  the  amount  of  energy  per  unit  volume 
absorbed  at  25%  strain;  this  includes  a  portion  of  the  area  located  beneath  the  stress/strain  curve. 
cThe  tested  specimens  were  assigned  a  fracture  assessment  value  (FAV).  The  values  range  from  0 
(no  observed  fracturing)  through  9  (severe  fracturing  observed).  The  type  of  fracture  was  also 
characterized  using  the  following  methodology:  A  =  axial  fracture,  S  =  shear  fracture, 
B  =  barreling/ deformation,  R  =  radial  splitting  (i.e.,  9 A  indicates  the  tested  specimens  showed  a 
severe  amount  of  axial  fracture). 
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At  21  °C,  the  mechanical  properties  of  the  EX99  propellants  were  very  poor. 
Note  the  compressive  and  failure  modulus  values,  which  indicate  the  material 
provided  brittle  response  and  was  unable  to  sustaining  loads  past  about  10% 
strain.  When  comparing  these  values  with  the  propellant  lot  contained  in  the 
Appendix,  it  becomes  clearer  the  large  difference  in  compressive  and  failure 
modulus.  Also,  the  tested  specimens  at  21  °C  (Figure  2)  showed  severe  axial 
fracture. 

At  50  °C,  again  the  stress  at  failure,  compressive,  and  failure  modulus  values 
indicate  how  brittle  the  material  was.  Axial  fracture  at  50  °C  usually  does  not 
occur  and  is  atypical  in  most  gun  propellants,  i.e.,  JA2,  M30,  Appendix  lot,  etc. 
The  tested  specimens  at  50  °C  again  showed  moderate-to-severe  fracturing  of  the 
materials. 

At  -20  °C,  the  tested  specimens  (Figure  4)  from  both  lots  of  EX99  suffered  severe 
axial  and  shear  fracture  damage  that  would  have  likely  caused  significant 
increases  in  the  surface  area  of  this  material.  The  stress/ strain  plots  (Figure  5) 
for  the  materials  also  correlate  with  the  physical  damage  observed.  Note  die 
sharp  stress  vs.  strain  pulse  for  the  lot  that  indicates  the  material  had  likely  glass 
transitioned  as  a  result  of  the  -20  °C  exposure.  The  highly  negative  failure 
modulus  values  also  indicated  the  material's  inability  to  sustain  load  at  —20  °C 
beyond  about  5%  strain. 

Overall,  the  EX99  7-perforated  gun  propellants  showed  very  poor  mechanical 
properties  at  21°,  50°,  and  -20  °C  when  compared  with  the  Appendix  lot.  The 
EX99  test  results  indicated  both  lots  were  sensitive  to  the  uniaxial  compressive 
testing,  becoming  "brittle"  at  21°  and  -20  °C,  and  suffering  prolific  fracture.  It 
should  also  be  noted  that  the  grains  received  by  ARL  from  lot  FB01  contained 
~25%  specimens  with  irregular  perforation  patterns  while  none  of  these  flawed 
specimens  were  tested  for  mechanical  response.  Also,  the  scanning  electron 
micrographs  shown  in  Figure  A-3  clearly  show  a  lower  level  of  binder-filler 
interaction  in  lot  FB01  as  compared  to  lot  0088.  The  fracture  in  the  0088  lot 
proceeds  only  through  the  binder,  whereas  the  fracture  in  the  FB01  lot  takes 
advantage  of  the  lower  binder-filler  interaction  and  proceeds  by  jumping  from 
particle  to  particle.  In  this  process,  the  cyclotrimethylenetrinitramine  (RDX)  is 
exposed  and  fractured.  This  may  explain  the  lower  stress  levels  achieved  for  lot 
FB01  at  21°  and  -20  °C  (Figure  5)  as  compared  to  lot  FB01.  (Note:  The  nature  of 
the  fracture  of  the  specimen  during  specimen  preparation  indicated  that  there 
was  residual  stresses  in  both  propellant  lots.  The  fracture,  which  was  initiated 
across  the  center  of  the  grain  ran  quickly  to  the  outside  edge.  This  is  caused  by 
residual  stresses  within  the  grain  directing  the  crack  to  the  outside  because  of  a 
nonuniform  internal  stress  field.)  When  comparing  the  two  lots  tested,  lot  0088 
had  significantly  better  properties  at  lower  temperature.  However,  both  lots 
demonstrated  very  brittle  responses. 
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Appendix.  Thermoplastic  Elastomer  Response 


Table  A-l.  Mechanical  properties  of  BAMO/GAP/RDX  (TGD-019  lot  M56-4-001)  next- 
generation  high-energy  gun  propellant  (solid  stick). 


Lot 

Stress  at 
Failure 
(MPa) 

Strain  at 
Failure 
(%) 

Modulus 

(GPa) 

Failure 

Modulus 

(GPa) 

IED 

(MPa) 

FAV 

at  21  °C 

M5 6-4-001 

31.1 

9.40 

0.460 

0.013 

15.16 

IB 

at -20  °C 

M56-4-001 

97.09 

4.82 

2.59 

0.71 

at  50 °C 

M5 6-4-001 

16.5 

8.82 

0.27 

0.009 

6.11 

IB 

aThe  failure  modulus  (slope  of  the  curve  after  failure)  has  been  added.  Generally,  the  lower  the 
value,  the  worse  the  material  (i.e.,  negative  value  indicates  the  material  is  unable  to  sustain  load). 
A  positive  value  indicates  a  positive  failure  slope  (i.e.,  the  material  is  better  able  to  support  load 
after  failure). 

bThe  IED  (incremental  energy  density)  value  reported  is  the  amount  of  energy  per  unit  volume 
absorbed  at  25%  strain,  this  includes  a  portion  of  the  area  located  beneath  the  stress/ strain  curve. 
cThe  tested  specimens  were  assigned  a  fracture  assessment  value  (FAV).  The  values  range  from  0 
(no  observed  fracturing)  through  9  (severe  fracturing  observed).  The  type  of  fracture  was  also 
characterized  using  the  following  methodology:  A  =  axial  fracture,  S  =  shear  fracture, 
B  =  barreling/ deformation,  R  =  radial  splitting  (i.e.,  9 A  indicates  the  tested  specimens  showed  a 
severe  amount  of  axial  fracture). 
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UNIAXIAL  COMPRESSION  TESTS 


Tue  29  Aug  2000 
09:44l+g  AM 


Figure  A-l.  Stress  vs.  strain  plot  for  TGD-019  lot  M56-4-001  next-generation  high-enei 
gun  propellant. 


Figure  A-2.  Photograph  of  tested  material  from  lot  TGD-019. 


(b)  Lot  FB01  at  750x 

Figure  A-3.  SEM  micrographs  of  the  EX99  propellants  showing  the  difference  in  binder 
filler  interaction. 
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US  ARMY  ARDEC 
AMSTA  ARSRE 
DYEE 

PICATINNY  ARSENAL  NJ 
07806-5000 

6  PM  SAD  ARM 

SFAEGCSSSD 
COL  B  ELLIS 
M  DEVINE 
R  KOWALSKI 
W  DEMASSI 
J  PRITCHARD 
SHROWNAK 
PICATINNY  ARSENAL  NJ 
07806-5000 


NO.  OF 

COPIES  ORGANIZATION 

1  USARMYARDEC 
INTELLIGENCE  SPECIALIST 
AMSTAARWELF 

M  GUERRIERE 
PICATINNY  ARSENAL  NJ 
07806-5000 

2  PEO  FIELD  ARTILLERY  SYS 
SFAEFASPM 

H  GOLDMAN 
T  MCWILLIAMS 
PICATINNY  ARSENAL  NJ 
07806-5000 


NO.  OF 

COPIES  ORGANIZATION 

1  COMMANDER 
USARMYTACOM 
AMSTASF 

WARREN  MI  48397-5000 

3  COMMANDER 

USARMYTACOM 

PM  TACTICAL  VEHICLES 

SFAETVL 

SFAETVM 

SFAETVH 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 


PMTMAS 

1 

COMMANDER 

SFAEGSSCTMA 

USARMYTACOM 

R  MORRIS 

PMBFVS 

CKIMKER 

SFAE  ASM  BV 

D  GUZOWICZ 

6501  ELEVEN  MILE  RD 

EKOPACZ 

WARREN  MI  48397-5000 

RROESER 

R  DARCY 

1 

COMMANDER 

RMCDANOLDS 

US  ARMY  TACOM 

LDULISSE 

PM  AFAS 

C  ROLLER 

SFAE  ASM  AF 

J  MCGREEN 

6501  ELEVEN  MILE  RD 

B  PATTER 

WARREN  MI  48397-5000 

PICATINNY  ARSENAL  NJ 

07806-5000 

.  1 

COMMANDER 

USARMYTACOM 

COMMANDER 

PMRDT&E 

USARMYARDEC 

SFAEGCSSWAB 

AMSTAARWEA 

J  GODELL 

J  BRESCIA 

6501  ELEVEN  MILE  RD 

PICATINNY  ARSENAL  NJ 

WARREN  MI  48397-5000 

07806-5000 

2 

COMMANDER 

COMMANDER 

USARMYTACOM 

USARMYARDEC 

PMSURVSYS 

PRODUCTION  BASE 

SFAE  ASM  SS 

MODERN  ACTY 

TDEAN 

AMSMC  PBMK 

SFAE  GCSS  W  GSI M 

PICATINNY  ARSENAL  NJ 

D  COCHRAN 

07806-5000 

6501  ELEVEN  MILE  RD 

WARREN  MI  48397-5000 

COMMANDER 

USARMYTACOM 

1 

USARMYCERL 

PM  ABRAMS 

RLAMPO 

SF AE  ASM  AB 

2902  NEWMARK  DR 

6501  ELEVEN  MILE  RD 

CHAMPAIGN  IL  61822 

WARREN  MI  48397-5000 
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NO.  OF 

NO.  OF 

COPIES 

ORGANIZATION 

COPIES 

ORGANIZATION 

1 

COMMANDER 

15 

COMMANDER 

USARMYTACOM 

USARMYTACOM 

PM  SURVIVABLE  SYSTEMS 

AMSTATRR 

SFAEGCSSWGSIH 

J  CHAPIN 

MRYZYI 

R  MCCLELLAND 

6501  ELEVEN  MILE  RD 

D  THOMAS 

* 

WARREN  MI  48397-5000 

J  BENNETT 

D  HANSEN 

1 

COMMANDER 

AMSTAJSK 

M 

USARMYTACOM 

S  GOODMAN 

PMBFV 

J  FLORENCE 

SFAEGCSSWBV 

KIYER 

S  DAVIS 

D  TEMPLETON 

6501  ELEVEN  MILE  RD 

A  SCHUMACHER 

WARREN  MI  48397-5000 

AMSTATRD 

DOSTBERG 

1 

COMMANDER 

L  HINOJOSA 

USARMYTACOM 

BRAJU 

PM  LIGHT  TACTICAL  VHCLS 

AMSTACSSF 

AMSTATRS 

H  HUTCHINSON 

A  J  MILLS  MS  209 

F  SCHWARZ 

6501  ELEVEN  MILE  RD 

WARREN  MI  48397-5000 

WARREN  MI  48397-5000 

3 

ARMOR  SCHOOL 

1 

COMMANDER 

ATZKTD 

USARMYTACOM 

RBAUEN 

CHIEF  ABRAMS  TESTING 

JBERG 

SFAEGCSSWABQT 

APOMEY 

T  KRASKIEWICZ 

FT  KNOX  ICY  40121 

6501  ELEVEN  MILE  RD 

WARREN  MI  48397-5000 

11 

BENET  LABORATORIES 

AMSTAARCCB 

1 

COMMANDER 

R  FISCELLA 

WATERVLIET  ARSENAL 

GD  ANDREA 

SMCWVQAEQ 

EKATHE 

B  VANINA 

M  SCAVULO 

BLDG  44 

G  SPENCER 

WATERVLIET  NY  12189-4050 

P  WHEELER 

K  MINER 

1 

COMMANDER 

JVASILAKIS 

WATERVLIET  ARSENAL 

G  FRIAR 

SMCWVSPM 

RHASENBEIN 

T  MCCLOSKEY 

AMSTA  CCB  R 

BLDG  253 

SSOPOK 

WATERVLIET  NY  12189-4050 

WATERVLIET  NY  12189-4050 

2 

TSM  ABRAMS 

2 

HQ  IOC  TANK 

1 

ATZKTS 

AMMUNITION  TEAM 

SJABURG 

AMSIO  SMT 

W  MEINSHAUSEN 

R  CRAWFORD 

FT  KNOX  KY  40121 

W  HARRIS 

ROCK  ISLAND  IL  61299-6000 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


2  DAVID  TAYLOR  RESEARCH  CTR 

R  ROCKWELL 
W  PHYILLAIER 
BETHESDA  MD  20054-5000 

2  COMMANDER 

US  ARMY  AMCOM 
AVIATION  APPLIED  TECH  DIR 
JSCHUCK 

FT  EUSTIS  VA  23604-5577 

1  DIRECTOR 

US  ARMY  AMCOM 
SFAE  AV  RAM  TV 
D  CALDWELL 
BLDG  5300 

REDSTONE  ARSENAL  AL 
35898 

2  US  ARMY  CORPS  OF  ENGINEERS 
CERDC 

TLIU 

CEWET 

TTAN 

20  MASS  AVE  NW 
WASHINGTON  DC  20314 

1  US  ARMY  COLD  REGIONS 

RSCH  &  ENGRNG  LAB 
P  DUTTA 
72  LYME  RD 
HANOVER  NH  03755 

1  SYSTEM  MANAGER  ABRAMS 

ATZKTS 
LTCJHNUNN 
BLDG  1002  RM 110 
FT  KNOX  KY  40121 

1  USA  SBCCOM  PM  SOLDIER  SPT 

AMSSB  PM  RSS  A 
J  CONNORS 
KANSAS  ST 

NATICK  MA  01760-505 7 

3  BALLISTICS  TEAM 
AMSSB  REP 

PHIL  CUNNIFF 
JOHN  SONG 
WALTER  ZUKAS 
KANSAS  ST 

NATICK  MA  01760-5057 


2  MATERIAL  SCIENCE  TEAM 

AMSSB  RSS 
JEAN  HERBERT 
MICHAEL  SENNETT 
KANSAS  ST 
NATICK  MA  01760-5057 

2  OFC  OF  NAVAL  RESEARCH 
D  SIEGEL  CODE  351 

J  KELLY 

800  N  QUINCY  ST 
ARLINGTON  VA  22217-5660 

1  NAVAL  SURFACE  WARFARE  CTR 

DAHLGREN  DIV  CODE  G06 
DAHLGRENVA  22448 

1  NAVAL  SURFACE  WARFARE  CTR 

TECH  LIBRARY  CODE  323 
17320  DAHLGREN  RD 
DAHLGRENVA  22448 

1  NAVAL  SURFACE  WARFARE  CTR 
CRANE  DIVISION 

M  JOHNSON  CODE  20H4 
LOUISVILLE  KY  40214-5245 

8  DIRECTOR 

US  ARMY  NATIONAL  GROUND 
INTELLIGENCE  CTR 
D  LETTER 
M  HOLTUS 
M  WOLFE 
S  MINGLEDORF 
J  GASTON 
W  GSTATTENBAUER 
R  WARNER 
J  CRIDER 

220  SEVENTH  ST  NE 
CHARLOTTESVILLE  VA  22091 

3  NAVAL  RESEARCH  LAB 
I WOLOCK  CODE  6383 

R  BADALIANCE  CODE  6304 
L  GAUSE 

WASHINGTON  DC  20375 

2  NAVAL  SURFACE  WARFARE  CTR 
U  SORATHIA 

C  WILLIAMS  CD  6551 
9500  MACARTHUR  BLVD 
WEST  BETHESDA  MD  20817 
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NO.  OF 
COPIES 

6 


9 


8 


2 


ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


US  ARMY  SBCCOM 
SOLDIER  SYSTEMS  CENTER 
BALLISTICS  TEAM 
J  WARD 

MARINE  CORPS  TEAM 

J  MACKIEWICZ 

BUS  AREA  ADVOCACY  TEAM 

W  HASKELL 

SSCNCWST 

W  NYKVIST 

T  MERRILL 

S  BEAUDOIN 

KANSAS  ST 

NATICK  MA  01760-5019 

US  ARMY  RESEARCH  OFC 
ACROWSON 
J CHANDRA 
H EVERETT 
J PRATER 
R  SINGLETON 
G  ANDERSON 
D STEPP 
D  KISEROW 
J  CHANG 
PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC 
27709-2211 

NAVAL  SURFACE  WARFARE  CTR 
J  FRANCIS  CODE  G30 
D  WILSON  CODE  G32 
R  D  COOPER  CODE  G32 
J  FRAYSSE  CODE  G33 
E  ROWE  CODE  G33 
T  DURAN  CODE  G33 
L  DE  SIMONE  CODE  G33 
R  HUBBARD  CODE  G33 
DAHLGREN  VA  22448 

COMMANDER 

NAVAL  SURFACE  WARFARE  CTR 
CARDEROCK  DIVISION 
R  PETERSON  CODE  2020 
M  CRTTCHFIELD  CODE  1730 
BETHESDAMD  20084 

NAVAL  SEA  SYSTEMS  CMD 
DLIESE 

2531  JEFFERSON  DAVIS  HWY 
ARLINGTON  VA  22242-5160 


1  NAVAL  SURFACE  WARFARE  CTR 
M  LACY  CODE  B02 

17320  DAHLGREN  RD 
DAHLGREN  VA  22448 

2  NAVAL  SURFACE  WARFARE  CTR 
CARDEROCK  DIVISION 

R  CRANE  CODE  2802 
C  WILLIAMS  CODE  6553 
3A  LEGGETT  CIR 
BETHESDA  MD  20054-5000 

1  EXPEDITIONARY  WARFARE 
DIVN85 
FSHOUP 

2000  NAVY  PENTAGON 
WASHINGTON  DC  20350-2000 

1  AFRLMLBC 

2941  P  ST  RM 136 

WRIGHT  PATTERSON  AFB  OH 

45433-7750 

1  AFRLMLSS 
R  THOMSON 

2179 12TH  ST  RM  122 
WRIGHT  PATTERSON  AFB  OH 
45433-7718 

2  AFRL 

F  ABRAMS 
J  BROWN 
BLDG  653 
2977  P  ST  STE  6 

WRIGHT  PATTERSON  AFB  OH 
45433-7739 

1  WATERWAYS  EXPERIMENT 

D  SCOTT 

3909  HALLS  FERRY  RD  SC  C 
VICKSBURG  MS  39180 

5  DIRECTOR 
LLNL 

R  CHRISTENSEN 
S  DETERESA 
FMAGNESS 
M  FINGER  MS  313 
M  MURPHY  L  282 
PO  BOX  808 
LIVERMORE  CA  94550 
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NO.  OF 

COPIES  ORGANIZATION 

1  AFRLMLSOL 
L  COULTER 
72784THST 
BLDG  100  BAY  D 
HILL  AFB  UT  84056-5205 

1  OSD 

JOINT  CCD  TEST  FORCE 
OSD  JCCD 
R  WILLIAMS 
3909  HALLS  FERRY  RD 
VICKSBURG  MS  29180-6199 

1  DEFENSE  NUCLEAR  AGENCY 
INNOVATIVE  CONCEPTS  DIV 
6801  TELEGRAPH  RD 
ALEXANDRIA  VA  22310-3398 

3  DARPA 

M  VANFOSSEN 
SWAX 

L  CHRISTODOULOU 
3701  N  FAIRFAX  DR 
ARLINGTON  VA  22203-1714 

2  FAA 

TECH  CENTER 
P  SHYPRYKEVICH  AAR  431 
ATLANTIC  CITY  NJ  08405 

2  SERDP  PROGRAM  OFC 

PMP2 
C  PELLERIN 
B  SMITH 

901  N  STUART  ST  STE  303 
ARLINGTON  VA  22203 

1  FAA 

MIL  HDBK 17  CHAIR 
L ILCEWICZ 
1601  LIND  AVESW 
ANM 115N 
RESTONVA  98055 

1  US  DEPT  OF  ENERGY 

OFC  OF  ENVIRONMENTAL 
MANAGEMENT 
P  RITZCOVAN 
19901  GERMANTOWN  RD 
GERMANTOWN  MD  20874-1928 


NO.  OF 

COPIES  ORGANIZATION 

1  DIRECTOR 
LLNL 

F  ADDESSIO  MS  B216 

PO  BOX  1633 

LOS  ALAMOS  NM  87545 

1  OAK  RIDGE  NATIONAL 
LABORATORY 
RM  DAVIS 
PO  BOX  2008 

OAK  RIDGE  TN  37831-6195 

3  DIRECTOR 

SANDIA  NATIONAL  LABS 

APPLIED  MECHANICS  DEPT 

MS  9042 

JHANDROCK 

YRKAN 

J  LAUFFER 

PO  BOX  969 

LIVERMORE  CA  94551-0969 

1  OAK  RIDGE  NATIONAL 

LABORATORY 
C  EBERLE  MS  8048 
PO  BOX  2008 
OAK  RIDGE  TN  37831 

1  OAK  RIDGE  NATIONAL 
LABORATORY 
CD  WARREN  MS  8039 
PO  BOX  2008 
OAK  RIDGE  TN  37831 

7  NIST 

RPARNAS 

JDUNKERS 

M  VANLANDINGHAM  MS  8621 
J  CHIN  MS  8621 
D  HUNSTON  MS  8543 
J  MARTIN  MS  8621 
D  DUTMNH  MS  8611 
100  BUREAU  DR 
GAITHERSBURG  MD  20899 

1  HYDROGEOLOGIC  INC 

SERDP  ESTCP  SPT  OFC 
S  WALSH 

1155  HERNDON  PKWY  STE  900 
HERNDON  VA  20170 
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NO.  OF 
COPIES 


ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


i 


3  NASA  LANGLEY  RSCH  CTR 
AMSRLVS 

W  ELBER  MS  266 
F  BARTLETT  JR  MS  266 
G  FARLEY  MS  266 
HAMPTON  VA  23681-0001 

1  NASA  LANGLEY  RSCH  CTR 

T  GATES  MS  188E 
HAMPTON  VA  23661-3400 

1  FHWA 

EMUNLEY 

6300  GEORGETOWN  PIKE 
MCLEAN  VA  22101 

4  CYTEC  FIBERITE 
R DUNNE 
DKOHLI 
MGILLIO 
RMAYHEW 

1300  REVOLUTION  ST 
HAVRE  DE  GRACE  MD  21078 

1  USDOT  FEDERAL  RAILRD 

M  FATEH  RDV  31 
WASHINGTON  DC  20590 

1  CENTRAL  INTLLGNC  AGNCY 
OTI WDAG  GT 
W  L  WALTMAN 
PO  BOX  1925 
WASHINGTON  DC  20505 

1  MARINE  CORPS 

INTLLGNC  ACTVTY 
D  KOSITZKE 

3300  RUSSELL  RD  STE  250 
QU  ANTICO  VA  22134-5011 

1  DIRECTOR 

NATIONAL  GRND  INTLLGNC  CTR 

IANGTMT 

220  SEVENTH  ST  NE 

CHARLOTTESVILLE  VA 

22902-5396 

1  SIOUX  MFG 
BKRIEL 
PO  BOX  400 
FT  TOTTEN  ND  58335 


1  DIRECTOR 

DEFENSE  INTLLGNC  AGNCY 
TA5 

K  CRELLING 
WASHINGTON  DC  20310 

1  ADVANCED  GLASS  FIBER  YARNS 

T  COLLINS 

281  SPRING  RUN  LANE  STE  A 
DOWNINGTON  PA  19335 

1  COMPOSITE  MATERIALS  INC 
DSHORTT 
19105  63  AVE  NE 
PO  BOX  25 

ARLINGTON  WA  98223 

1  JPS  GLASS 
L  CARTER 
PO  BOX  260 
SLATER  RD 
SLATER  SC  29683 

1  COMPOSITE  MATERIALS  INC 
R  HOLLAND 
11  JEWEL  CT 
ORINDACA  94563 

1  COMPOSITE  MATERIALS  INC 
C  RILEY 

14530  SANSON  AVE 
SANTA  FE  SPRINGS  CA  90670 

2  COMPOSIX 
D  BLAKE 

L  DIXON 

120  0  NEILL  DR 

HEBRUN  OH  43025 

2  SIMULA 

J  COLTMAN 
RHUYETT 
10016  S51ST  ST 
PHOENIX  AZ  85044 

2  PROTECTION  MATERIALS  INC 

M  MILLER 
F  CRILLEY 
14000  NW  58  CT 
MIAMI  LAKES  FL  33014 
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NO.  OF 

COPIES  ORGANIZATION 

3  FOSTER  MILLER 
J  J  GASSNER 
M  ROYLANCE 
WZUKAS 
195  BEAR  HILL  RD 
WALTHAM  MA  02354-1196 

1  ROM  DEVELOPMENT  CORP 
ROMEARA 

136  SWINEBURNE  ROW 
BRICK  MARKET  PLACE 
NEWPORT  RI 02840 

2  TEXTRON  SYSTEMS 
T  FOLTZ 

M  TREASURE 
201  LOWELL  ST 
WILMINGTON  MA  08870-2941 

1  GLCC  INC 
J  RAY 

103  TRADE  ZONE  DR  STE  26C 
WEST  COLUMBIA  SC  29170 

1  O  G  ARA  HESS  &  EISENHARDT 
M  GILLESPIE 

9113  LESAINT  DR 
FAIRFIELD  OH  45014 

2  MILLIKEN  RSCH  CORP 
HKUHN 

M  MACLEOD 
POBOX 1926 
SPARTANBURG  SC  29303 

1  CONNEAUGHT  INDUSTRIES  INC 
J  SANTOS 

POBOX  1425 
COVENTRY  RI  02816 

2  B  ATTELLE  NATICK  OPNS 
J  CONNORS 

B  HALPIN 

209  W  CENTRAL  ST  STE  302 
NATICK  MA  01760 

1  ARMTEC  DEFENSE  PRODUCTS 
SDYER 
85  901  AVE53 
PO  BOX  848 
COACHELLA  CA  92236 


NO.  OF 

COPIES  ORGANIZATION 

3  PACIFIC  NORTHWEST  LAB 
M  SMITH 
G  VAN  ARSDALE 
R  SHIPPELL 
PO  BOX  999 
RICHLAND  WA  99352 

8  ALLIANT  TECHSYSTEMS  INC 
C  CANDLAND  MN11  2830 
C  AAKHUS  MN11  2830 
B  SEE  MN11  2439 
N  VLAHAKUS  MN11  2145 
R  DOHRN  MN11  2830 
S  HAGLUND  MN11  2439 
M  HISSONG  MN11  2830 
D  KAMDAR  MN11  2830 
600  SECOND  ST  NE 
HOPKINS  MN  55343-8367 

2  AMOCO  PERFORMANCE 
PRODUCTS 
MMICHNOJR 
J  BANISAUKAS 
4500  MCGINNIS  FERRY  RD 
ALPHARETTA  G  A  30202-3944 

1  SAIC 

M  PALMER 

1410  SPRING  HILL  RD  STE  400 
MSSH45 

MCLEAN  VA  22102 

1  SAIC 

G  CHRYSSOMALLIS 
3800  W  80TH  ST  STE  1090 
BLOOMINGTON  MN  55431 

1  AAI  CORPORATION 
T  GSTASTNY 
POBOX  126 

HUNT  VALLEY  MD  21030-0126 

1  APPLIED  COMPOSITES 
WGRISCH 
333  NORTH  SIXTH  ST 
ST  CHARLES  IL  60174 

1  CUSTOM  ANALYTICAL 
ENG  SYS  INC 
A  ALEXANDER 
13000  TENSOR  LANE  NE 
FLINTSTONE  MD  21530 
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NO.  OF 
COPIES 

3 


1 


1 


5 


3 


1 


1 


1 


1 


ORGANIZATION 

ALLIANT  TECHSYSTEMS  INC 

J  CONDON 

ELYNAM 

J  GERHARD 

WV01 16  STATE  RT  956 

PO  BOX  210 

ROCKET  CENTER  WV 

26726-0210 

OFC  DEPUTY  UNDER  SEC  DEFNS 
JAMES  THOMPSON 
1745  JEFFERSON  DAVIS  HWY 
CRYSTAL  SQ  4  STE  501 
ARLINGTON  VA  22202 

PROJECTILE  TECHNOLOGY  INC 
515  GILES  ST 

HAVRE  DE  GRACE  MD  21078 

AEROJET  GEN  CORP 
D  PILLASCH 
T  COULTER 
C  FLYNN 
D  RUBAREZUL 
M  GREINER 

1100  WEST  HOLLYVALE  ST 
AZUSA  CA  91702-0296 

HEXCELINC 

RBOE 

PO  BOX  18748 

SALT  LAKE  CITY  UT  84118 

HERCULES  INC 
HERCULES  PLAZA 
WILMINGTON  DE  19894 

BRIGS  COMPANY 
J  BACKOFEN 
2668  PETERBOROUGH  ST 
HERNDON  VA  22071-2443 

ZERNOW  TECHNICAL  SERVICES 
LZERNOW 

425  W  BONITA  AVE  STE  208 
SAN  DIMAS  CA  91773 

OLIN  CORPORATION 
L  WHITMORE 
10101  NINTH  ST  NORTH 
ST  PETERSBURG  FL  33702 


NO.  OF 

COPIES  ORGANIZATION 

2  OLIN  CORPORATION 
FLINCHBAUGHDIV 
E  STEINER 
B  STEWART 
PO  BOX  127 
RED  LION  PA  17356 

1  GKN  AEROSPACE 
DOLDS 

15  STERLING  DR 
WALLINGFORD  CT  06492 

5  SIKORSKY  AIRCRAFT 
G  JACARUSO 
T  CARSTENSAN 
B  KAY 

S  GARBO  MS  S330A 
J  ADELMANN 
6900  MAIN  ST 
PO  BOX  9729 

STRATFORD  CT  06497-9729 

1  PRATT  &  WHITNEY 
C  WATSON 
400  MAIN  ST  MS  114  37 
EAST  HARTFORD  CT  06108 

1  AEROSPACE  CORP 
G  HAWKINS  M4  945 

2350  E  EL  SEGUNDO  BLVD 
EL  SEGUNDO  CA  90245 

2  CYTEC  FIBERITE 
M  LIN 

W  WEB 

1440  N  KRAEMER  BLVD 
ANAHEIM  CA  92806 

1  HEXCEL 
TBITZER 

11711  DUBLIN  BLVD 
DUBLIN  CA  94568 

1  BOEING 

R  BOHLMANN 
PO  BOX  516  MC  5021322 
ST  LOUIS  MO  63166-0516 

1  UDLP 

G  THOMAS 

PO  BOX  58123 

SANTA  CLARA  CA  95052 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


2  UDLP 

R  BARRETT  MAIL  DROP  M53 
V  HORVATICH  MAIL  DROP  M53 
328  W  BROKAW  RD 
SANTA  CLARA  CA  95052-0359 

3  UDLP 

GROUND  SYSTEMS  DIVISION 
M  PEDRAZZI  MAIL  DROP  N09 
ALEE  MAIL  DROP  Nil 
M  MACLEAN  MAIL  DROP  N06 
1205  COLEMAN  AVE 
SANTA  CLARA  CA  95052 

4  UDLP 

R  BRYNSVOLD 
P  JANKE  MS  170 
4800  EAST  RIVER  RD 
MINNEAPOLIS  MN  55421-1498 

1  UDLP 

D  MARTIN 
POBOX  359 

SANTA  CLARA  CA  95052 

2  BOEING  DFNSE  &  SPACE  GP 
W  HAMMONDS  4X55 

J  RUSSELL  S  4X55 
PO  BOX  3707 
SEATTLE  WA  98124-2207 

2  BOEING  ROTORCRAFT 

P  MINGURT 
P  HANDEL 
800  B  PUTNAM  BLVD 
WALLINGFORD  PA  19086 

1  BOEING 

DOUGLAS  PRODUCTS  DIV 
LJHART  SMITH 
3855  LAKEWOOD  BLVD 
D800  0019 

LONG  BEACH  CA  90846-0001 

1  LOCKHEED  MARTIN 
S  REEVE 
8650  COBB  DR 
D  73  62  MZ  0648 
MARIETTA  G  A  30063-0648 


1  LOCKHEED  MARTIN 

SKUNK  WORKS 
D  FORTNEY 
1011  LOCKHEED  WAY 
PALMDALE  CA  93599-2502 

1  LOCKHEED  MARTIN 
R  FIELDS 
1195  IRWIN  CT 
WINTER  SPRINGS  FL  32708 

1  MATERIALS  SCIENCES  CORP 
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